Bogoliubov quasiparticles have been already produced in elongated condensates by using tuo-photon Bragg scattering [l]. In all ofthese cases. the local density approximation (LDA) has been used to adapt the Bogoliubov theory of uniform gases to the actual inhomogeneous condensates. This approach is expected to be accurate for large condensates, where the density profile varies smoothly on the scale of the excitation wavelength. This applies, for instance, to axial excitations of elongated condensates, when the wavelength of the excited states is much smaller than the size of the system along the major axis ( 2 ) . These excitations can then be classified with a continuous wavevector k. However, the flnite transverse size of the condensate also produces a discreteness of the spectrum, which is ignored in LDA [2].
Our condensate consists of N = l d atoms of 87Rb. We excite the condensate at wavenumber k by using two Bragg beams. The Bragg beams illuminate the entire condensate for a time tB. The beams have a frequency difference o determined by two acousto-optic modulators. The wavevector k is adjusted to be along the z-axis. To measure a single point on the excitation spectrum w(k), k is fixed. and w is \ aried. The measured quantity is the total momentum P, transferred to the condensate along z . This is obtained by switching off the trapping potential after the Bragg pulse and taking absorption images of the density distribution of the expanding condensate. We analyze these results by numerically solving the GP equation for the order parameter of the condensate. The esternal potential can be taken as the sum ofthe harmonic confinement and the Bragg potential. The ground state at t = 0 can be found as the stationary solution. Then, the time dependent GP equation can be solved at t > 0 to simulate the Bragg process. We take advantage ofthe axial symmetry ofthe potential (both Bragg and quadratic confinement) to map the order parameter into a two-dimensional grid and evolve it by means ofa Crank-Nicholson differencing method with alternating direction implicit algorithm, as in [2] .
offreedom, as seen in Fig. 1 . In particular, if the duration of the pulse is longer than the radial trapping period, the condensate responds resonantly at the frequencies w,,(k) of axial quasiparticles with n, nodes in the radial direction. By using Bragg pulses longer than in previous measurements [ 1.21, we resolve this multi-branch spectrum, finding good agreement with the predictions of Gross-Pitaevskii theory.
[ We show that the response of the condensate to a Bragg pulse is indeed significantly affected by the radial degrees
